Abstract-For the detection of dim target, the track-beforedetect(TBD) methodology has been employed to integrate the target's energy through a time sequence of frames. A TBD algorithm based on improved Randomized Hough Transform for dim target detection is proposed in this paper. This algorithm uses the sequence number of frames to make sure that the point pairs are selected randomly from different frames, avoiding the unreasonable situation that initiates target's track in the same frame data. Second, it also introduces a new vote method. Based on the minimum Euclidean distance criterion, this vote method finds the optimal parameter cell to vote, making the vote result better than traditional Randomized Hough Transform (RHT). In addition, we not only increase the poll of the optimal parameter cell but also update the corresponding parameter, avoiding the large deviation between the recovered track and the real track. By simulation we conclude that this algorithm can detect dim target more speedily and accurately than traditional RHT, especially under the background of low Signal to Noise Ratio (SNR).
INTRODUCTION
The detection and tracking of dim target in cluttered background has become hotspots in the field of DEW Distant Early Warning . In the situations where the Signal to Noise Ratio(SNR) is so low that the target could not possibly be detected in a single frame, the best way to enhance the SNR is to apply TBD technique to extract the target information through successive frames [1] . Now many TBD algorithms have been proposed. Such as Hough transform(HT) [2] ,dynamic programming [3] [4], Probabilistic Multi-Hypothesis Tracker(PMHT) [5] and the particle filtering method [6] .
In view of the long computation time and large memory requirements of HT, Pekka Kultanen, Lei Xu and Erkki Oja developed Randomized Hough transform(RHT) to complete the task of extracting global features such as line segments from a binary image. The algorithm overcomes most problems associated with the standard HT scheme, including speed and memory consumption [7] .
However, the traditional RHT has some disadvantages when used to detect dim target. First, the traditional RHT extracts target's track in a data plane which is overlaid by multi-frame radar echo data. For having lost the sequence information of frames, it may pick point pairs(samples) from the same frame data and initiate false target's track. Second, during the process of vote, the traditional RHT doesn't traverse the dynamic-link list(DLL) to find the best parameter cell to vote, leading to non-optimal results. Third, the traditional RHT only increases the poll of the parameter cell but not updates the corresponding parameter, so that there will be a big deviation between the recovered track and the real track when the parameter in DLL has a big deviation with all the parameters which vote for it.
Considering the above problems of traditional RHT, a TBD algorithm based on improved Randomized Hough Transform for dim target detection is proposed in this paper. This algorithm has made three improvements compared to the disadvantages of traditional RHT. (1) The multi-frame of radar echo doesn't be overlaid into a data plane, so we can use the sequence number of frames to make sure that the point pairs are selected randomly from different frames. In this way, the ratio of valid samples increases greatly and the number of false target's track reduces to a great extent. 2 This algorithm also introduces a new vote method: First ,we traverse the DLL to find out a collection, where the vote parameter falls into the given tolerance of each element of the collection. Then based on the minimum Euclidean distance criterion, we get the optimal parameter cell from the collection to vote. Thus the vote result is much better than traditional RHT. 3 At the same time of voting, the parameter in the optimal parameter cell is also updated to avoid the big deviation between the recovered track and the real track when projected to the data space. In addition, during the process of voting, each polling point pair's position is recorded in DLL to restore the specific location of the target, which is benefit for the further tracking. This paper includes five sections. Section introduces the target and measurement model. Section explains the proposed algorithm in detail. Section contains simulation examples demonstrating the concept. Section contains a conclusion.
II. TARGET AND MEASUREMENT MODEL

A. Target Motion Model
The dim target is usually considered as a point in a single-frame radar echo data . The target motion model is expressed as follows [8] S(k 1) F *S(k) V(k) + = + (1) where
1 T 0 0
in x and y directions respectively. T is the time interval between the adjacent two frames. ( ) V k is zero mean Gaussian noise which describes target's slow maneuver.
B. Measurement Model
As extensive researches and experiments showed, after clutter suppression and noise-whitening , radar clutter model can always be expressed as white Gaussian noise [9, 8, 10] . So the echo model is supposed as a point target superimposed on complex white Gaussian noise, as follows:
where ( ) A k and ( ) n k are target echo data and noise in the th k frame respectively. The measurement recorded in the resolution cell ( , ) i j is given by the following equation: ( ) a k is the amplitude of target's echo, ( ) ij n k is noise which has a distribution of complex Gaussian with zero mean.
III. TBD ALGORITHM BASED ON IMPROVED RANDOMIZED HOUGH TRANSFORM
To overcome the shortcomings of traditional RHT in dim target detection, the proposed algorithm makes three improvements on the traditional RHT, including (1)use the sequence number of frames to make sure that the point pairs are selected randomly from different frames; (2) introduce a new vote method; (3) update the DLL's parameters and record the location of the point pairs. In this section, the three improvements will be introduced in detail respectively.
A. Select point pairs from different frames
Because the traditional RHT extracts target's track in a data plane which is overlaid by multi-frame of radar echo data, that is, the data plane has lost the sequence information of the frames, so it will lead to a large number of invalid samples and false track. In order to prevent this defect of traditional RHT, we put the multi-frame of radar echo data into a data space in time sequence and then select the point pairs randomly from any different frames, as follows: As Fig. 1 shows, the sequence number of frames is retained in this data space, so we can make sure that the point pairs are selected randomly from different frames. Thus the ratio of valid samples can increase greatly and the number of false target's track can reduce to a great extent.
The steps of selecting point pairs and calculating the corresponding parameters are proposed as follows:
Step one, select a point pair Step two, calculate the corresponding speed of by the following equations :
So far, we have selected a valid sample and calculated the corresponding parameter ( , ) ρ θ . Then we should decide whether to make ( , ) ρ θ vote for the parameter cell of DLL or just put ( , ) ρ θ in the end of DLL. Following, a new vote method is introduced in section B.
B. A new vote method
Firstly, we review the problem of traditional RHT during the voting process. ρ θ .The range of each ellipse is the given tolerance of the corresponding parameter cell.
In this case, according to the vote method in traditional RHT, ( , ) ρ θ will vote for these three parameter cells. Obviously, this vote result is unreasonable and will lead to a lot of false track.
To avoid the defect of traditional RHT in the voting process, a new vote method is proposed in this paper, which chooses the optimal parameter cell to vote based on ρ θ is any parameter of c P . Obviously, the new vote method avoids the defect of traditional RHT and gives an optimal result under the minimum Euclidean distance criterion, so it can reduce the false track greatly. SNR is the Signal to Noise Ratio in each frame. fa P is the false-alarm probability of the first threshold. V_min and V_max are the priori information of target's velocity. The maximum sampling number is 2 S * = sample K n C [11] ,where n is the total number of data which surpass the first threshold in the data space. K is the total number of frames. Simulate data according to the above system parameters , then use traditional RHT and the proposed algorithm to process the simulated data. After the completion of sampling and voting, we find the global maximum poll in DLL, giving the corresponding parameter ( ', ') ρ θ . Then restore the target's track according to parameter ( ', ') ρ θ . The result of these two algorithms are showed in Fig. 3 and Fig. 4 respectively. To demonstrate vividly, we show the simulated data, target's real location and the detected target's track in an image. In Fig. 3 and Fig. 4 , circles express the target's real locations while dots are noises. The lines are the detected target track.
As Fig. 3 shows, there is a big deviation between the detected target's track and the real target's track. This is the expression of traditional RHT's shortcomings which have been mentioned above. And the total processing time is 20.25 seconds under the CPU Intel P4 2.4G environment.
However, as Fig. 4 shows, the proposed algorithm in this paper can restore the target's track accurately due to its improvements upon the traditional RHT. And the total processing time is just 1.313 seconds under the same environment.
In order to further demonstrate the shortcomings of traditional RHT and the excellence of the proposed algorithm, we restore the detected target's track and the locations of the polling point pairs simultaneously. The results are showed as follows: shows that the restored target's position is identical to the target's real position. Stars are false-alarm points ,while the circles are the target's real positions. As illustrated in Fig. 5 and Fig. 6 ,the target's track recovered by traditional RHT algorithm contains a lot of false-alarm points and loses many target's points. However, the proposed algorithm not only ensures few lost of target's points but also suppresses the false-alarm points to a large extent. In addition, the real positions of the target can be recovered accurately by the proposed algorithm, thus it can provide a great help to the further detection of the target.
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V2-244 V. CONCLUSION A TBD algorithm based on improved Randomized Hough Transform for dim target detection is proposed in this paper. This algorithm has made three improvements on traditional RHT.(1) It uses the sequence number of frames to make sure that the point pairs are selected randomly from different frames, avoiding the unreasonable situation that initiates target's track in the same frame data; (2) It introduces a new vote method, making the vote result better than traditional RHT; (3) At the same time of voting, the parameter of the optimal parameter cell is also updated to avoid the big deviation between the recovered track and the real track. As the simulation results showed , compared with the traditional RHT, this proposed algorithm is more insensitive to noise and can recover the target's track accurately. In addition, it has a better real-time performance than traditional RHT.
